1. Introduction
===============

Schwannomas are neoplasms that originate from Schwann cells of the peripheral nerves.^\[[@R1]\]^ Patients between 20 and 50 years old were most reported with equal frequency in male and female.^\[[@R2]\]^ More than 90% Schwannomas are benign and manifest about 5% of benign soft-tissue neoplasm.^\[[@R2]\]^ Due to the lack of specific clinical and imaging characteristics, it is challenging to make an accurate preoperative diagnosis. Although schwannomas can develop in any part of the body, the most common sites are the head, neck, and flexor surfaces of the extremities.^\[[@R3]\]^ The tumors generally have a single place of origin and only 10% originate from multiple locations.^\[[@R4]\]^ Schwannomas occurring in the porta hepatis or abdominal organs are rare. To our knowledge, only 18, 15, and 6 cases of schwannomas have been reported in the liver,^\[[@R5],[@R6]\]^ porta hepatis,^\[[@R7]\]^ and gallbladder,^\[[@R8]\]^ respectively. However, multiple schwannomas synchronously occurring in the porta hepatis and abdominal organs have not been reported so far. In the present case, we report the first one in a 31-year-old female. Surgery may be the optimal treatment for schwannomas and patients with benign schwannomas generally have a good prognosis. The patient of the present study underwent a successful surgery and recovered well.

2. Case report
==============

On June 15 2010, a 31-year-old female was referred to our hospital because of repeated abdomen discomfort, slight abdominal distension, and occasional abdominal pain for 7 years. The physical examination evidenced a subxiphoid mass with mild tenderness, 10 cm in diameter. There was no history of weight loss, trauma, nor family history of cancer. Laboratory results: Total bilirubin was 25.80 μmol/L (0--21), direct bilirubin 10 μmol/L (0--5), and indirect bilirubin 15.8 μmol/L (3--14). Other abnormal laboratory results were not found. Ultrasound (US) showed multiple intrahepatic and extrahepatic cystic lesions with intrahepatic bile ducts dilatated. An unenhanced computed tomography (CT) imaging showed multiple cystic lesions in the left liver as well as the space between left kidney and body of the stomach (Fig. [1](#F1){ref-type="fig"}A and B). On the contrast-enhanced CT, these lesions were not obviously enhanced (Fig. [1](#F1){ref-type="fig"}C and D). Magnetic resonance cholangiopancreatography showed multiple inhomogeneous hyperintense lesions on T2 weighted images in the hepatic portal and left liver with the dilation of intrahepatic and extrahepatic bile ducts (Fig. [2](#F2){ref-type="fig"}). However, an accurate diagnosis could not be obtained and these lesions were primarily considered benign occupations in the liver and abdominal cavity.

![An unenhanced CT imaging showed multiple cystic lesions in the left liver (red arrow), as well as the space between left kidney and body of the stomach (green arrow) (A and B). On the contrast-enhanced CT, these lesions were not obviously enhanced (C and D). CT = computed tomography.](medi-95-e4378-g001){#F1}

![MRCP showed multiple inhomogeneous hyperintense lesions on T2 weighted images in the hepatic portal and left liver (arrow) with the dilation of intrahepatic and extrahepatic bile ducts. MRCP = magnetic resonance cholangiopancreatography.](medi-95-e4378-g002){#F2}

After sufficient preoperation preparation, an exploratory laparotomy was performed. A 10 × 15 cm mass was found in the porta hepatis, wrapping the whole hepatoduodenal ligament, invading the common bile duct, left and right hepatic bile ducts as well as the right and left hepatic arteries. There was also a mass located in the left lateral liver lobe, 6 cm in diameter, invading the hepatic portal. Another mass grew from the gallbladder wall and invaded the right hepatic bile duct, 5 cm in diameter. The mass in porta hepatis was lobulated and connected with the masses in liver and gallbladder via tubular tissues. We carefully isolated and completely resected these masses combined with the gallbladder and invaded left lateral liver lobe. However, the left and right hepatic arteries were also invaded by tumors and hard to be separated. We isolated, ligated, and resected the invaded left and right hepatic artery and reconstructed the severed vessels. Intraoperative frozen pathology showed soft tissue tumors and liposarcomas were first considered. After operation, the patient recovered smoothly and left the hospital 9 days later.

Macroscopically, one big tumor was located in the porta hepatis sized 11 × 6 cm. Multiple tumors with different sizes were also found in the liver and gallbladder. The biggest one in the liver was 9 × 7.5 cm and the biggest one in the gallbladder 5 × 3.5 cm. These tumors were canary yellow. Microscopically, multiple lesions with thin capsules were found in the liver (Fig. [3](#F3){ref-type="fig"}A) and gallbladder (Fig. [3](#F3){ref-type="fig"}B). The tumor cells were spindle shaped and palisading arrangement. Both hypercellular and hypocellular areas were visible, while atypical cells or signs of malignancy were not found (Fig. [3](#F3){ref-type="fig"}C and 3D). Immunohistochemical stains showed the protein S-100 was positive (Fig. [4](#F4){ref-type="fig"}A), while CD34, CD117, and SMA negative (Fig. [4](#F4){ref-type="fig"}B--4D). Finally, these tumors were diagnosed as multiple schwannomas synchronously in the porta hepatis, liver, and gallbladder. The patient is followed-up for 70 months and has been doing well without any complications.

![Microscopically, multiple lesions were found in the liver (arrow) (A) and gallbladder (arrow) (B) with thin capsules (×40). The tumor cells were spindle shaped and palisading arrangement. Both hypercellular and hypocellular areas were visible, while atypical cells or signs of malignancy were not found (C, D) (×200).](medi-95-e4378-g003){#F3}

![Immunohistochemical stains showed the protein S-100 was positive (A), while CD34 (B), CD117 (C), and SMA (D) negative (×200).](medi-95-e4378-g004){#F4}

3. Discussion
=============

Schwannomas originate from the nerve sheaths of the peripheral nerves, which can occur in different ethnic groups worldwide with equal frequency in male and female and were most reported in patients between 20 and 50 years old.^\[[@R2]\]^ The exact etiology and pathogenesis of schwannomas remain unclear. Secondary degenerations including cyst formation, hemorrhage, calcification, and hyalinization can sometimes be shown.^\[[@R9]\]^ The most common sites of schwannomas are head, neck and flexure surfaces of the extremities.^\[[@R10]\]^ In the abdominal cavity, schwannomas are most reported in the retroperitoneum^\[[@R11]\]^ and gastrointestinal tract.^\[[@R12],[@R13]\]^ The occurrence of schwannomas in the porta hepatis,^\[[@R7]\]^ gallbladder,^\[[@R8]\]^ pancreas,^\[[@R14]\]^ or liver^\[[@R15]\]^ is extremely rare. To our knowledge, only 18, 15, and 6 cases of schwannomas involving the liver,^\[[@R5],[@R6]\]^ porta hepatis, and gallbladder,^\[[@R8]\]^ respectively, have been reported. However, multiple benign schwannomas synchronously occurring in the porta hepatis, liver, and gallbladder have not been reported so far and we report the first case.

Du to lacking of specific clinical and imaging features, accurate preoperative diagnosis of the tumor is a tremendous challenge. Histopathological and immunohistochemical examinations are essential for definitive diagnosis. Microscopically, a typical schwannoma is composed of Antoni A and Antoni B areas. The Antoni A area is hypercellular and characterized by closely packed spindle cells with occasional nuclear palisading and Verocay bodies. The Antoni B area is hypocellular and occupied by loosely arranged tumor cells with abundant myxoid stroma.^\[[@R16]\]^ Immunohistochemically, schwannomas are strongly positive for S-100.^\[[@R17]\]^ However, this group of proteins are not totally specific for this tumor. S-100 proteins may be present in melanocytes, chondrocytes, adipocytes, myoepithelial cells, macrophages, Langerhans cells, dendritic cells, and some breast epithelial cells.^\[[@R18]\]^ Consequently, S-100 can be found in melanomas, neurofibromas, paraganglioma stromal cells, histiocytoma, and clear cell sarcomas.^\[[@R19]\]^ So, the diagnosis of schwannoma should be based on the results of both immunohistochemical and histopathological examinations.

Multiple imaging modalities including US, CT, magnetic resonance imaging could be used to determine the lesion limits and establish a probable diagnosis. However, the definitive preoperative diagnosis is hard to achieve due to the lack of specific imaging features. On US, schwannomas are usually hypodense masses with well-defined boundary, and no intralesional blood flow signals were visible on Color Doppler US.^\[[@R6]\]^ On unenhanced CT scan, schwannomas are generally hypoechoic and well defined with fibrous capsules. Schwannomas with high Antoni A areas appear inhomogeneous. Antoni B areas of schwannomas show low density and appear cystic with multiseptum due to low cellularity.^\[[@R8]\]^ On contrast-enhanced CT, Antoni A areas are well-enhanced due to the increased vascularity, while Antoni B areas are unenhanced due to less vascularity.^\[[@R8]\]^ On magnetic resonance imaging, schwannomas appear hypointense on T1 weighted images and inhomogeneous hyperintense on T2 weighted images.^\[[@R20]\]^ Although these imaging findings are not typical characteristics, they are helpful in treatment planning because of providing information on the invasion of other structures. Endoscopic ultrasound-guided fine needle aspiration may greatly contribute to precise preoperative diagnosis and provide useful information to guide therapy. In one report, three cases of asymptomatic retroperitoneal lesions were accurately diagnosed as benign schwannomas by preoperative endoscopic ultrasound-guided fine needle aspiration and avoided surgical resection.^\[[@R21]\]^

Surgery may be curative by completely removing the tumor. In the present case, by laparotomy, we found multiple lesions synchronously occurring in the porta hepatis, liver, and gallbladder. These lesions intensively adhered to the surrounding tissues and even invaded the hepatic arteries, common bile duct, and left and right hepatic bile ducts. We completely resected these tumors combined with the left lateral liver lobe, gallbladder, and the invaded left and right hepatic arteries. Immediately, the reconstruction of severed vessels was performed. Histopathological and immunohistochemical examinations of surgical specimens showed multiple schwannomas synchronously occurring in the porta hepatis, liver, and gallbladder.

4. Conclusion
=============

This is the first case of multiple benign schwannomas synchronously occurring in the porta hepatis, liver, and gallbladder. It is a huge challenge to definitively determine intra-abdominal schwannomas preoperatively, despite the utilization of multiple imaging modalities. Definitive diagnosis of schwannomas originating from intra-abdominal tissues or organs nearly can only be obtained by histopathological and immunohistochemical examinations. Early detection of the tumor is important and complete excision is the optimal treatment. In the present case, due to closely adhering to the surrounding important tissues, complete removal is challenging. We resected these schwannomas successfully and the patient has a good prognosis.

Abbreviations: CT = computed tomography, US = ultrasound.
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